Cytosolic purine 5'-nucleotidases of rat liver and human red blood cells: regulatory properties and role in AMP dephosphorylation.
Of the various species of cellular 5'-nucleotidases, membranous, lysosomal and cytosolic, only the latter are likely to play a role in the physiologic dephosphorylation of the 5'-nucleoside monophosphates present in the cytoplasm. The necessity to preserve cellular ATP renders a strict control of the dephosphorylation as well as of the deamination of AMP mandatory, because both nucleotides are maintained in equilibrium by adenylate kinase. Our studies of cytosolic purine 5'-nucleotidases purified from rat liver and from human erythrocytes, reviewed in this presentation, have shown that both display complex kinetic properties. Both enzymes have markedly higher affinities for IMP and for GMP than for AMP. In addition, they are stimulated by nucleoside triphosphates, among them ATP and GTP, and inhibited by Pi. The erythrocytic purine 5'-nucleotidase is also stimulated by glycerate 2,3-bisphosphate. It could thus be expected that under conditions of ATP and GTP breakdown, particularly when accompanied by an increase in Pi, the dephosphorylation of AMP would be curtailed. To verify this hypothesis, experiments were performed with isolated rat hepatocytes and with human red blood cells. The rate of dephosphorylation of AMP was measured by following time-wise the production of adenosine in the presence of coformycin (or deoxycoformycin) and 5-iodotubercidin. The coformycins inhibit the deamination of adenosine into inosine by adenosine deaminase, and 5-iodotubercidin inhibits the recycling of adenosine into AMP by adenosine kinase. Upon induction of ATP catabolism by the addition of fructose to isolated rat hepatocytes, the dephosphorylation of AMP was nearly completely suppressed. In accordance with these results, the activity of the rat liver cytosolic 5'-nucleotidase, assayed in the presence of concentrations of substrate and effectors mimicking those measured in intact cells following the addition of fructose, was decreased as compared to control conditions. In hepatocytes in which ATP catabolism was induced by suppression of oxygen, the rate of dephosphorylation of AMP increased about 3-fold. However, in contradiction with these data, the activity of the cytosolic 5'-nucleotidase, measured under conditions mimicking anoxia, decreased markedly. In human erythrocytes, dephosphorylation of AMP did not occur under physiologic conditions, but proceeded when ATP catabolism was induced by glucose lack or by alkalinization. The rate of dephosphorylation of AMP was 3-fold higher during glucose deprivation than under alkaline conditions.(ABSTRACT TRUNCATED AT 400 WORDS)